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- FOOTWEAR ASSEMBLY" 

TECHNICAL FIELD 

This invention relates to a footwear assembly. 

The invention has particular application to a footwear 
5 assembly having an adjustable liner for closely conforming 
to the unique footshape of an individual wearer. The 
invention is of particular relevance to ski boots and 
particular reference will be made to such an application. 
However the invention is applicable to other sporting shoes 
10 such as running shoes, basketball boots, roller blades, 
hiking boots etc, and it will be understood that the 
invention is applicable to all footwear, including orthotic 
footwear. 

BACKGROUND ART 

15 Ski boots are known to utilise support/cushioning 

means for cushioning the user's foot from the rigid inner 
surface of the boot casing. Orthotic footwear is also well 
known and patient-specific orthotic inserts are provided 
for podiatric treatment. It is thus well known to shape 

20 support /cushioning means to conform to the footshape of an 
individual user, however known systems are not simple to 
operate and can also require specialist orthotic assistance 
to establish user-specific cushioning means conforming to 
the unique footshape of an individual. Moreover, once 

25 established, known support /cushioning means cannot be re- 
shaped to conform to the unique footshapes of different 
individuals or to allow for the fact that the footshape of 
one person varies with age, time, temperature and in 
accordance .with other factors. 

30 DISCLOSURE OF THE INVENTION 

The present invention aims to provide a footwear 
assembly which will be reliable and efficient in use. 

This invention in one aspect resides broadly in a 
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footwear assembly including :- 

an adjustable outer boot or shoe, and 

support means for supporting a foot as hereinafter 
defined within the outer boot or shoe, the support means 
5 including at least one flexible chamber contai n ing 
particulate material. 

As used herein, the expression "foot" can include the 
ankle and the lower leg. 

It is preferred that the assembly includes an exhaust 
10 valve for the exhaust of fluid from the chamber. 

The flexible chamber can be of any suitable shape and 
manner of construction as is suitable for providing a 
cushioning layer between a foot and the outer boot or shoe, 
and can be a bag-like chamber or a bladder. It is 
15 preferred that the chamber includes an outer lining adapted 
. to substantially juxtapose the inner surfaces of the outer 
boot or shoe and an inner lining adapted to substantially 
juxtapose the surface of a foot when positioned within the 
outer boot or shoe. 
20 The chamber may extend to substantially surround a 

foot but it is preferred that the assembly includes a lower 
flexible chamber adapted to support the sole of the foot 
within the outer boot or shoe. In a preferred embodiment 
the assembly includes at least one upper flexible chamber 
25 adapted to support other surfaces of the foot within the 
outer boot or shoe. The chambers may be independent of 
each other with each including an exhaust valve. 
Alternatively the chambers can be in fluid communication 
whereby fluid from each the chamber is exhaustible through 
30 the exhaust valve. 

The chambers may each contain only one compartment, 
but preferably at least the upper chambers include a 
plurality of baffles between the outer and inner linings to 
form a plurality of discrete compartments therein. 
35 Preferably the compartments are in fluid communication and 
contain particulate material. 
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In a preferred embodiment the baffles are inclined to 
the outer and inner linings. The baffles may comprise a 
single membrane or alternatively the baffles may comprise a 
membrane looped from one of the outer or inner linings to 
5 the other lining and back to constitute an envelope. 
Preferably the envelopes contain particulate material. 

The footwear assembly may also include an inner foot 
enclosure adapted to fit within the outer boot or shoe, the 
outer surface of the inner foot enclosure constituting the 

10 outer lining. Preferably the footwear assembly also 
includes cushioning means adjacent the inner li n i n g and 
constituting an i nnpr surface of the inner foot enclosure. 

Fluid may be exhausted from the chamber or chambers by 
applying a pumping action or a vacuum. source or suction to 

15 the exhaust valve. In one embodiment the assembly includes 
pump means for exhausting fluid from the chamber. The pump 
may be built in or otherwise attached or affixed to the 
outer boot or shoe. 

In the preferred embodiment the fluid is air, the pump 

20 means is a vacuum pump, the valve is a two-way valve and 
the chamber freely communicates with the atmosphere in one 
position of the two-way valve. Alternatively in an 
embodiment not illustrated, the assembly may include 
reservoir means forming a closed fluid system with the 

25 chamber, the exhaust valve is a two-way valve, and the pump 
means is operable to transfer fluid between the chamber and 
the reservoir in accordance with the condition of the two- 
way valve. 

The particulate material can be any suitable small and 
30 preferably uniform grained material. Sand, grain husks or 
grain such as rice etc can be used. However it is 
preferred that the particulate material comprises resilient 
pellets. The resilient pellets may be polystyrene beads or 
the like. Alternatively the resilient pellets may be 
35 encapsulations of a shock-absorbent gaseous fluid, liquid 
or gel-like substance. 
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In another aspect this invention resides broadly in a 
ski boot including :- 

an adjustable outer casing, and 
an inner boot assembly within the casing; 
5 wherein 

the inner boot assembly includes an outer surface 
adapted to substantially juxtapose the inner surface of the 
casing, an inner surface adapted to substantially juxtapose 
the surface of a foot as hereinbefore defined when the foot 
10 is positioned within the inner boot assembly, and support 
means located between the outer and inner surfaces, the 
support means including at least one flexible chamber 
containing particulate material. 

It is preferred that the ski boot includes an exhaust 
15 valve for the exhaust of fluid from the chamber. 

In a further aspect this invention resides broadly in 
a method of supporting a foot as hereinbefore defined in 
footwear, the method including: - 

providing a footwear assembly having an adjustable 
20 outer boot or shoe and support means within the outer boot 
or shoe, the support means including at least one flexible 
chamber containing fluid and particulate material; 
positioning a foot within the support means; 
removing substantially all fluid from the chamber, and 
25 tightening the outer boot or shoe about the support 

means. 

DESCRIPTION OF PREFERRED EMBODIMENT 

In order that this invention may be more easily 
understood and put into practical effect, reference will 
30 now be made to the accompanying drawings which illustrate a 
preferred embodiment of the invention, wherein :- 

FIGS 1 and 2 are perspective views of a ski boot in 
accordance with the invention with the heel piece 
respectively closed and open; 
35 FIG 3 is a side view of the ski boot of FIG 2; 



WO 94/01013 



PCT/AU93/00331 



FIGS 4 and 5 axe respectively an exploded perspective 
view and a side view of the inner boot and heel in 
accordance with the invention; 

FIGS 6 and 7 illustrate a flexible chamber support in 
5 expanded and exhausted conditions respectively; 

FIG 8 is a partial cross-sectional elevation through 
the wall of the inner boot; 

FIG 9 is a cross sectional elevation of a ski boot in 
accordance with the invention; 
10 FIGS 10 and 11 illustrate alternative baffle 

arrangements within a flexible chamber, and 

FIGS 12 and 13 are cross-sectional elevations of a 
flexible chamber having a single membrane baffle and 
illustrate the disposition of the pellets in the chamber in 
15 the expanded and exhausted conditions respectively. 

As can be seen in FIGS 1 to 3 f a ski boot 11 has a 
fixed outer casing 12 incorporating a sole, toe, side, 
upper and tongue portions. Outer heel casing 13 is 
pivotally mounted to casing 12 about pivots 14. The outer 
20 casings are adjustable to tighten or loosen the fit of the 
ski boot about the foot by means of clamps 15, 16 and 17. 
Inner boot 18 and inner heel 19 fit closely within the 
outer casings and are seen in greater detail in FIGS 4 and 
5. 

25 Inner boot 18 is adapted to abut the sole, toes, 

sides, arch, ankle and shin of a user, and inner heel 19 is 
adapted to abut the user's heel, rear ankle and the lower 
back leg. As can be seen in dotted outline in FIG 5, inner 
boot 18 includes a sole support chamber 20, a pair of side 

30 support chambers 21 and a tongue support chamber 22. Inner 
heel 19 has a heel support chamber 23. 

A two-way exhaust valve 24 is connected to the support 
chambers 20, 21 and 22. The heel support chamber 23 may 
also be connected to support chambers 20, 21 and 22 as 

35 illustrated or alternatively heel support chamber 23 can be 
exhausted through another exhaust valve ( not illustrated ) . 
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6 

FIGS 6 and 7 schematically illustrate the principle of 
operation of a support chamber in accordance with the 
invention. A flexible relatively flat sandwich-like bag 25 
forms a support chamber 51 which is partially filled with 
5 particulate material 26. Support chamber 51 communicates 
with atmosphere through a valve 27 shown schematically open 
in FIG 6 and closed in FIG 7. If pressure is applied to 
support chamber 51 by an object being pressed into the 
support chamber with valve 27 open, air will be forced out 

10 of chamber 51 and the support chamber will form a 
complimentary or negative shape of the object. 

If a vacuum pump is then applied to valve 27 and 
chamber 51 is evacuated whilst the object remains pressed 
into the support chamber, particulate material 26 will be 

15 compressed under the force of atmospheric pressure and form 
. a rigid mass having a shape conforming with the object and 
the surface against which the support chamber bears. As 
can be seen in FIG 7, the upper surface of support chamber 
51 has adopted the shape of the sole of the foot. 

20 Particulate material 26 is preferably pellet-like or 

granular. It may be coarse grained sand and rice f lentils 
or other grains have been found to be suitable as has grain 
husks. It is preferable that the particulate material is 
light and resilient so that the boot or shoe is not heavy 

25 and incorporates shock absorbing properties. The type of 
expanded foam pellets used for bean bag fill has been found 
to be suitable. Alternatively the pellets can be shock 
absorbent beads or encapsulations of air, liquid or a gel. 
The pellets are preferably spherical and optionally have a 

30 diameter of between 1 and 3 millimeters. 

The support chamber is made from a fluid proof or air 
proof material which is flexible and able to be thermally 
or chemically sealed. Vinyl, other plastics and rubber 
sheeting is suitable. 

35 As can be seen in FIG 8, the wall of inner boot 18 and 

inner heel 19 is made of an outer stiffening lining 29 
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adapted to conform to and fit snugly within the outer 
casing of the ski boot. Stiffening lining 29 may be made 
from leather, plastics or other material suitable for 
retaining shape whilst being pliable enough to conform the 
5 shape of the inner boot to the interior of the outer 
casing. A support chamber as described above is sandwiched 
between stiffening lining 29 and an inner lining 28 which 
is adapted to fit snugly around the user's foot. Inner 
lining 28 may be a cloth covered layer of foam or other 

10 smooth cushioning material. 

As can be seen in FIG 9 which is a cross sectional 
elevation through the ski boot illustrated in FIG 3, the 
ski boot has a fixed outer casing 12, sole 30 and outer 
heel casing 13 in which the inner boot and inner heel fit 

15 snugly. A user's foot 31 is shown within the ski boot and 
supported by sole support chamber 20, tongue support 
chamber 22 and heel support chamber 23. Side support 
chambers 21 are not seen in FIG 3. Sole support chamber 20 
and tongue support chamber 22 are seen sandwiched between 

20 outer stiffening lining 32 and inner lining 33 of the inner 
boot, and heel support chamber 23 is seen sandwiched 
between outer stiffening lining 34 and inner li n i n g 35 of 
the inner heel. Valve 24 is connected to tongue support 
chamber 22 and the support chambers are interconnected by 

25 ports 36 and 37 for evacuation through valve 24. 

FIG 10 illustrates a single membrane baffle 38 between 
side walls 39 and 40 of a support chamber to form 
compartments 42 in the support chamber. Apertures 41 in 
baffle 38 allow for evacuation of air and allow air to flow 

30 between compartments so that during fitting foot movement 
can force .air between compartments. 

A double sided baffle 43 is illustrated in FIG 11 
between side walls 44 and 45 and forms compartments 48 in 
the support chamber. Baffle 43 has apertures 46 to allow 

35 for the passage of air or other liquid as described above. 
Baffle 43 is formed by looping a single membrane from one 
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side wall back on itself to form an envelope or enclosure 
47 and affixing an opposite side of the looped baffle to 
the other sidewall. Particulate material can be placed in 
envelope 47 as well as in compartments 48. 
5 The baffles are disposed at an angle to the sidewalls 

and may be affixed adhesively or by thermal or chemical 
bonding. The apertures are sized to allow free passage of 
air- therethrough but are smaller than the minimum dimension 
of the pellets to prevent migration of pellets between 

10 compartments. 

FIGS 12 and 13 illustrate the disposition of pellets 
in a flexible chamber having a single membrane baffle in 
the expanded and exhausted conditions respectively. In FIG 
12 it can be seen that pellets partially fill compartments 

15 49 to a level 50 above the lowermost point of connection of 
the upper baffle. Because the baffles are angled to the 
sidewalls as described above, particulate material will be 
disposed throughout the entire height of vertically aligned 
support chambers such as the sides, tongue, heel and upper 

20 support chambers. In FIG 13 it is seen that upon 
compression the pellets completely fill compartments 49. 

In use a user's foot is inserted in the inner boot and 
with the valve allowing free communication with the 
atmosphere, the foot is pushed with a massaging action 

25 against the sole and the outer casing tightened as the foot 
is settled into the support. With the valve switched to 
exhaust setting, a pump is applied to the valve to exhaust 
air from the support chambers. Thus the support is first 
moulded to the shape of the foot and leg and then set in 

30 the unique individual shape. 

The footwear assembly in accordance with the invention 
will be seen to possess a number of advantages. It is 
particularly beneficial in ski boots in providing a 
uniquely tailored support for an individual skier. The 

35 invention is simple to use and can be re-used allowing for 
hired ski boots to accommodate a range of users with the 
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same "personalised" fit as has hitherto been available in 
only high performance ski boots. Furthermore it is 
advantageous that the support can be remoulded to adapt to 
changes in foot shape of the same user as such changes 
5 occur from time to time. The footwear support is also 
advantageous in providing fine control during high 
performance skiing where firmly fitting boots are most 
desirable . 

The footwear support of this invention provides a 

10 close fitting mould which is contoured to the particular 
shape of a user's foot and bears on the foot with uniform 
pressure thereby lessening the occurrence of pressure spots 
and decreasing the likelihood of blistering caused by 
movement of the foot within the boot or shoe. 

15 The nature of the pellets can be varied to provide 

advantageous effects. Utilisation of relatively hard 
pellets can provide a stippled surface which is beneficial 
in stimulating blood circulation in a manner similar to 
that provided in spike-soled sandals. Utilisation of 

20 smaller pellets of shock-absorbing material can provide a 
relatively hard sole chamber having good shock-absorbing 
properties and reducing the likelihood of stress fractures 
for joggers and long-distance runners. 

It will of course be realised that whilst the above 

25 has been given by way of an illustrative example of this 
invention, all such and other modifications and variations 
hereto, as would be apparent to persons skilled in the art, 
are deemed to fall within the broad scope and ambit of this 
invention as is hereinafter claimed. 
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10 
CLAIMS 

1. A footwear assembly including :- 

an adjustable outer boot or shoe, and 

support means for supporting a foot as hereinbefore 
5 defined within said outer boot or shoe, said support means 
including at least one flexible chamber containing 
particulate material. 

2. A footwear assembly as claimed in claim 1, wherein 
said assembly includes an exhaust valve for the exhaust of 

10 fluid from said chamber. 

3. A footwear assembly as claimed in claim 2, wherein 
said chamber includes an outer lining adapted to 
substantially juxtapose the inner surfaces of said outer 
boot or shoe and an inner lining adapted to substantially 

15 juxtapose the surface of a foot when positioned within said 
outer boot or shoe. 

4. A footwear assembly as claimed in claim 3, wherein 
said assembly includes a lower flexible chamber adapted to 
support the sole of said foot within said outer boot or 

20 shoe. 

5. A footwear assembly as claimed in claim 4, wherein 
said assembly includes at least one upper flexible chamber 
adapted to support other surfaces of said foot within said 
outer boot or shoe. 

25 6. A footwear assembly as claimed in claim 5, wherein 
said chambers are in fluid communication whereby fluid from 
each said chamber is exhaustible through said exhaust 
valve . 



7. A footwear assembly as claimed in claim 6, 



WO 94/01013 



PCT/AU93/00331 



11 

wherein at least said upper chambers include a plurality of 
baffles between said outer and inner linings to form a 
plurality of discrete compartments therein. 

8. A footwear assembly as claimed in claim 7, wherein 
5 said baffles are inclined to said outer and inner linings. 

9. A footwear assembly as claimed in claim 8, wherein 
said compartments are in fluid communication and contain 
particulate material. 

10. A footwear assembly as claimed in claim 9, wherein 
10 said baffles comprise a membrane looped from one of said 

outer or inner linings to the other lining and back to 
constitute an envelope. 

11. A footwear assembly as claimed in claim 10, wherein 
said envelopes contain particulate material. 

15 12. A footwear assembly as claimed in claim 3, wherein 
said assembly includes an inner foot enclosure adapted to 
fit within said outer boot or shoe, the outer surface of 
said inner foot enclosure constituting said outer lining. 

13. A footwear assembly as claimed in claim 12, wherein 
20 said assembly includes cushioning means adjacent said inner 

lining and constituting an inner surface of said inner foot 
enclosure . 

14. A footwear assembly as claimed in claim 3, wherein 
said assembly includes pump means for exhausting fluid from 

25 chamber . 

15. A footwear assembly as claimed in claim 14, wherein 
said fluid is air and said pump means is a vacuum pump. 
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16. A footwear assembly as claimed in claim 14, wherein 
said assembly includes reservoir means forming a closed 
fluid system with said chamber, said exhaust valve is a 
two-way valve, and said pump means is operable to transfer 

5 fluid between said chamber and said reservoir in accordance 
with the condition of said two-way valve. 

17. A footwear assembly as claimed in claim 3, wherein 
said particulate material comprises resilient pellets. 

18. A footwear assembly as claimed in claim 17, wherein 
10 said resilient pellets are polystyrene beads or- the like. 

19. A footwear assembly as claimed in claim 17, wherein 
said resilient pellets are encapsulations of a shock- 
absorbent gaseous fluid, liquid or gel-like substance. 

20. A ski boot including :- 
an adjustable outer casing, and 
an inner boot assembly within said casing; 

wherein 

said inner boot assembly includes an outer surface 
adapted to substantially juxtapose the inner surface of 
said casing, an inner surface adapted to substantially 
juxtapose the surface of a foot as hereinbefore defined 
when said foot is positioned within said inner boot 
assembly, and support means located between said outer and 
inner surfaces, said support means including at least one 
flexible chamber containing particulate material. 

21. A ski boot as claimed in claim 1, wherein said ski 
boot includes an exhaust valve for the exhaust of fluid 
from said chamber. 

22. A method of supporting a foot as hereinbefore defined 
30 in footwear, said method including :- 



15 



20 



25 
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providing a footwear assembly having an adjustable 
outer boot or shoe and support means within said outer boot 
or shoe, said support means including at least one flexible 
chamber containing fluid and particulate material; 
5 positioning a foot within said support means; 

removing substantially all said fluid from said 
chamber, and 

tightening said outer boot or shoe about said support 
means. 
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